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Abstract: 


The Sloan Lens ACS (SLACS) Survey 
has combined spectroscopic 
candidate selection within the SDSS 
with high-resolution Hubble Space 
Telescope follow-up imaging to 


assemble the largest single 
confirmed sample of galaxy-scale 
strong gravitational lenses, 
enabling numerous new scientific 
applications. 
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Talk outline: 


o SLACS Survey background and overview 
o Pretty pictures 


o Science results 


o Concluding points 
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How strong lensing works 
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Toy model image configurations 


Unlensed image, lensed image, isodensity contours 
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SLACS Survey: 
SDSS spectro selection, 
HST imaging follow-up 


SDSS J073728.44+321618.7 data 
Continuum redshift = 0.3223 
Emission-line redshift = 0.5812 
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Historical record 


Einstein 1936 (Chwolson 1924? Tikhov 1938?) 
Zwicky 1937 

Walsh et al. 1979 

Miralda-Escude & Lehar 1992 

Warren et al. 1996, 1998, 1999 

Hewett et al. 2000; Willis 2000 

Koopmans & Treu 2002--2004 

SDSS, early 2000's 

Bolton et al. 2004 

Willis et al. 2005 
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SLACS bibliography 


Bolton et al. 2006 
Treu et al 2006 
Koopmans et al. 2006 
Gavazzi et al. 2007 
Bolton et al. 2008a 
Gavazzi et al. 2008 
Bolton et al. 2008b 
VIII. Treu et al. 2008 
IX. Koopmans et al. in prep 


visit www.SLACS.org for details 
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HST imaging data and models 


(Bolton et al. 2008a) 
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SDSS J1420+6019  z1<0.063 z2=0.535 SDSS J2321—0959 z1=0.082  z2-0.532 SDSS J1106+5228 z1=0.095 z2=0.407 
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SDSS J0841+3824 z1=0.116 z2=0.657 SDSS J0044+0113  z1<0.120 z2=0.197 SDSS J1432+6317  z1<0.123 z2=0.664 


— — — — 


SDSS J1443+0304 z1=0.154  z2-0.419 SDSS J1218+0830 z1=0.155 z2=0.717 SDSS J2238—0754 z1=0.137 z2=0.713 
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SDSS J110345322 z1=0.158 z2=0.735 SDSS J1531—0105 z1=0.160 z2=0.744 SDSS J0912+0029 z1=0.164 z2=0.524 
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SDSS J1403+0006 z1=0.189 z2=0.473 SDSS JO0936+0913 z1=0.190 z2=0.588 SDSS J1023+4230 z1=0.191 z2=0.696 
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SDSS J1029+0420 


SDSS J1451—0239 


SDSS J1538+5817 


SDSS J1204+0358 


SDSS J0037—0942 


SDSS J1143—0144 z1=0.106 z2=0.402 
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SDSS J0959+0410  z1<0.126 z2=0.535 


" m 
SDSS J1134+6027  z1-0.153  z2-0.474 


SDSS J1153+4612  z1<0.180 z2=0.875 


SDSS J1402+6321 z1=0.205 z2=0.481 


SDSS J0955+0101 


SDSS J1032+5322 


SDSS J2303+1422 


SDSS J2341 40000 


SDSS J0728+3835 


SDSS J1627—0053 z1=0.208 z2=0.524 SDSS J1205+4910 z1=0.215 z2=0.481 SDSS J114241001 z1=0.222 z2=0.504 


SDSS J1636+4707 z1=0.228 z2=0.675 SDSS J2300+0022 z1=0.228  z2-0.465 SDSS J1250+0523 z1=0.252 z2=0.795 


SDSS J1621+3931 z1=0.245 z2=0.602 SDSS J1630+4520 z1=0.248 z2=0.793 SDSS J1112+0826 z1=0.273  z2-0.630 
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SDSS J1436—0000  z1<0.285 z2=0.805 SDSS J0109+1500 z1<0.294 z2=0.525 SDSSM1416+5136  z1<0.299 z2=0.811 
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SDSS J0935-0003 z1=0.548  z2-0.467 SDSS J0330—0020  z1<0.351 z2=1.071 SDSS J1525+3327 z1=0.558  z2-0.717 
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SDSS J0946+1006 z1=0.222 z2=0.609 SDSS J1251-0208 z1=0.224 z2=0.784 SDSS J0029-0055  z1<0.227  z2-0.951 


4 B > (2 


SDSS J0959+4416  z1=0.237  z2-0.532 SDSS J0956+5100 z1=0.241 z2=0.470 SDSS J0822+2652 z1=0.241 z2=0.594 


SDSS J0252+0039  z1=0.280 z2=0.982 SDSS J1020+1122 z1=0.282 z2=0.553 SDSS J1430+4105 z1=0.285 z2=0.575 
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SDSS J1100+5329 z1=0.317 z2=0.858 SDSS J0737+3216  z1<0.322 z2=0.581 SDSS J0216-0813  z1=0.332 z2=0.524 


SDSS J0903+4116  z1=0.430 z2=1.064 SDSS J0008-0004 z1=0.440 z2=1.192 SDSS J0157-0056 z1=0.513 z2=0.924 


SLACS sample overview 
(Bolton et al. 20080) 


63 to 89 lenses (depending on level of 
inclusiveness) 


Velocity dispersions from -160 to -400 km/s 
Luminosities (V) from -10!? to ~1@1!-> solar 
Lens redshifts from -0.05 to ~@.5 


Source redshifts from -0.2 to -1.2 


Median Einstein radius -0.6 x Rare 


Typical representatives of parent population 
in internal and environmental properties 
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What’s so great about these? 


High Cand tunable) confirmation rate 
Large, homogeneous, uniformly selected sample 
All redshifts known from outset 


Add aperture masses to velocity dispersions, 
luminosities, sizes, etc. 


Extended lensed images 


Sources “get out of the way" of Lenses (c.f. 
lensed quasars) 
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Combined mass profile constraints from 
strong lensing and stellar dynamics 


for power-law 
mass model: 


p(r)om 7? 


0.02 
(7) — 2.01* 503 
o, — 0.12 


(Koopmans et al. 
2006, and in prep.) 
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Strong lensing confronts | M = co |o*R./G| 


the fundamental plane L = Yー!co |o? R./G| 


Mik T) : : 
Empirically: L œ |o Re/G| with m < 1 C“tilt”) 
(Dressler et al. 1987, Djorgovski & Davis 1987, Faber et al. 1987) 


But is this a trend in mass-to-light ratio or a 
trend in the non-dimensional structure constant? 


With strong lensing, we can measure the à in 


M cc [c? R./G]? 


If 0-1, FP tilt is a trend in mass-to-light ratio. 
If d<n, FP tilt is a trend in structure constant. 
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Strong Lensing confronts 
the fundamental plane 


SIE mass models 
LTM mass models 


Result is O=1 (within errors). 


o 
Ce] 


ô (mass-versus—mass) 
o 


FP tilt disappears in mass space. 


[e] 
Co 


0.6 0.7 0.8 09 


Trend in total M/L explains FP tilt UA 
(for medium- to high-mass E’s). 
(Bolton et al. 2007, 2008b) 
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Mass-density profile revisited: 
dimensional-analysis constraints 


p{r)xr ? 
(y) = 1.9 + 0.1 
Light-traces-mass 


falsified at 
99,9% to 99.99%. 
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-0.4  -0.2 (Bolton et al. 2008b) 
logioRg, — 10910Re 
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The angular picture 


Singular isothermal 
12 ellipsoid mass axis Light—traces—mass 
shear direction 
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CKoopmans et al. 2006, Bolton et al. 2008b) 
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SLACS strong + weak Lensing 


Shear signal consistent with isothermal 
extrapolation of strong-lensing signal 
from few kpc out to few hundered kpc 


This work (22 lenses) o 
Sheldon et al.04 A 
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stars deVauc. 


Total (with rms) = 


">. RE? slope 


0.010 0.100 
Radius [Mpc/h] 


(Gavazzi et al. 2007) 
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Likelihood Density 


Strong lensing as a test of GR 


o Assume mass-profile 
1 AG M priors from 
a= 177 Z dynamical analysis 
2 c2b of ellipticals in 
the Local universe 
(Gerhard et al. 2001) 


Joint for all galaxies Predict lensing 
deflections from 
velocity dispersions 


Oy = 0.98 + 0.07 


HETE TT mm (Bolton, Rappaport, 
Post-Newtonian y | | & Burles 2006) 
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What about the Lensed — Ton 0 
source galaxies? | 


Star formation rates: 
~ 44 M,,/year total — 


ET 

fo n 63 S LACS SOU rces lensing magnification factor 
CLOII] Line flux conversion from 

Kennicutt 98 and Kewley et al. 04) 


Supernova rates: 
~ I type-II supernova 
every 3 years for 63 


SLACS sources 
(type II rate from Madau 98) 


F814W intrinsic (AB) 


23 22 21 20 19 
F814W observed (AB) 
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Commentary 


O 


Not a design goal of the SDSS.  Demonstrates 
how good astronomy leads to good physics. 


General benefits of spectroscopic Lens 
selection, as compared to imaging selection: 


All redshifts known from outset 


Natural modes of diversity much fewer than 
number of resolution elements 


Nowhere near confusion limit 


Atmosphere does not degrade specroscopic 
resolution 


Selection function easier to quantify Cin 
principle) 
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Future plans and prospects: 


Higher SNR Cand spatially resolved) velocity 
dispersions, to tighten constraints and 
address source of (small) intrinsic diversity 


SDSS-III: SLACS++, spanning a range in redshift 
to measure mass-dynamical evolution 


Multi-band analysis to address stellar 
populations and Luminosity evolution 


More detailed comparison of lensing observations 
to merger simulations 


Full N^ redshift survey analysis 
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Summary and conclusions 


O 


SLACS: a proof-of-concept of spectro lensing and 
the largest sample of confirmed galaxy-scale 
strong Lenses. 


FP tilt for massive galaxies 1S a trend in mass- 
to-Light ratio, not in phase-space structure. 


Massive ellipticals are approximately isothermal 
(density falling as r^?) in their central regions. 


Significant dark mass is required even inside 
the optical half-light radius. 


Weak lensing is consistent with isothermal 
extrapolation of strong lensing. 


Strong lensing confirms GR in combination with 
priors from the local universe. 
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Spare slides 
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Mass + radial ranges of Lens 


—0.8 -0.6 -0.4 -0.2 0.0 
logioRen — 10910Re 
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velocity versus veLocity 


300 350 400 450 
Osie (km s') 
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confirmation rate 
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